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Rn\7LAJTr's  i:m  .method  for  ijfasurtitcj  Ei.ECT^Jc  ABnoppTTOTT  a:tjd 

K^yP/JY  T.O.^f^T^   DUE  TO    FV^TERK^Tf^    AI'D  POUCAin.T    CURRKTTS,    ^TD 
J     DETECT TOr   OP   SHORT    CTRCUTTS    W,    COTLH. 


The    follov.'ing   investiRutio^:   has   a  twofold   object- 
'^ne    is   the   testing  of  the   r..othod   for  tr.e   neasureir.ent   of 
electric    absorption,   described    in   the    Aruerican   Joun-^al  of 
Science,    July,    18C'9,    and   also    of  a  siniil:ir  niethod  devised 
by  Professor  Rowloi.d   for  Koasuring  enorr^y  losses    in    iron  duo 
to    hysteresis   and  Foucault   currents,    and   for  the  detection 
of   short   circuits    in   coils. 


Historical:-        It   has    lonf;   been  toiowi    ti —    ^/^..-   ^    ;<>.... 
jar  has  been   charged  and  then   discharged,    it  will    show 
oiiother  charge   after  utandirif;   a  short    tiji.e.      Tf   this    is   die- 
charfieu,    after  a  short    time   the   jar  r^uy   shov/   another  charge 
This   ruay  be   repeated    indefinitely.        These    "after-charges" 
are   knovni   as   residual  charges   and  are   due   to   the   pheno;;.ena 
now   called  electric   absorption.      Faraday  nade   some   experi- 
cents   on   this  phenomenon    in   Leyilen  jars,    and  seems   to  have 
attributed   it    Lo   a  conduction   ol    tne   churr^e   into  the    inte- 
rior of  the  dielectric,    and  after  discharge   creeping   back 
again   to  the  coatings   and  manifesting    itself  as  the   resid- 
ual  charge.      Kohlrausch'v/as   the   first   to  make   any  elabo- 
rate   investigation   of  the   subject.        He  charged  the   conden- 
ser and  then  measured   the  potential  at    certaiii    interval- 
with   an   electroiiieter.      In   this  way  he   obtaiiicd  the    relation 
between   the  potential  and  time.      He   advanced  the    idea  that 
the   phenomenon  was   due   to   an    electric  polarity  of  the  part- 
icles  of   the   dielectric,    produced   by   the    electric   force 

5 ) 
between    the  plates   of   the   condenser.        Rov,'la:id  and  I'Tichols 

have   shovai    that   certain   crystals   show  no   electric   absorp- 
tion  along   lines   of  homogeneity,    and  do   along  other  lines. 


1)  Faraday  -  Experimental  Researches- 

2)  Pogg.  Annale. ,  Vol.  91,  p.  50-32, 173-:.i. 
6)    Phil.  Mag.  p.  41-1,  I'^i. 


K.    Hertz     has   shovr.;    that   pure   benzir.o  posjosses  no   electric 

2) 

ubsorption,   while    iii^pure   does.        The   j^reat    eensitiveness   of 

this  phenoiiiena  to   change   of  temperature  has   been  noted. The 

3) 
energy   loss   in  condensers  due  to   it  has   also  been   studiec. 


THEORY      OF      ELECTRIC      ABSORPTTOTT. 

The   theory   of   electric    absorption   has  been   devel- 

4)  6)  6)  ^^ 

oped   by   Glaus i\s,    Rieman,    Maxwell  and  Rov/land.      The   foliov;- 

ing   development    is   that   of  Maxwell  applied   by  Professor 
Rov.'land   to   the   case   of  a  dielectric   acted  upon   by   an  E.M-F. 
varyin/^  harmonically. 

^  dielectric    such  as  paraffin  paper   is  made   of  a 
:-ubstance   of  certair,   dielectric   capacity  and   specific   re- 
sistance,   having    imbedded    in    it  particles   of  a  different 
dielectric   capacity   and  different   specific    resistances.   ITow 
we   can  yery  closely   approxi.nate   to  this   case   by   considering 
a  plane   plate   condenser,    in  v/hich   the   dielectric    is   :r,ade  up 
of  a  number  of   layers   of  different    substances.      An   ordi- 
nary  condenser   is  merely   a  j-reat  number  of  very   small  con- 
densers   like   this,    joined    in   imiltiple. 

The   theory   of  electric   absorptio.;   as   extended  by 
Professor  Rowla-id   shows   that   a  condenser  possessing   elec- 
tric   absorption    should   act   as   a  capacity    in   scries  with   .: 
certain    resistanc  :ach  depends   on   the  pe- 


led.  Annalen,p.Ld.,  ^     -^  . 

2)  Phil.Tr^n3.p.599,167.    Proc  .  Roy  .Floc  .p.  4C0  ,  1075  . 

3)  Physical  Review, 1899 , p. 7^ . 

4)  Theorio  Mechanique  de   la  Chaleur  Deuxieme  partie. 
r? )    Ric.ii^n   -  r.I^thoi^utical  Works,p.48- 

r-  ]    v<  ..  ■  .  ■■  V.    .        ; 


riod   of  the   current.      If  b,  b^  ,    otc.    are   constajits   and  T 
the   period   of  the   curi'or.t,    the    rcsistoiico    is    of   tnc    forui 

R  =    L   t'-    U  t''+  b,T'    etc. 


^r.d    if  a      a      etc    are   constants   tho   capacity    i: 


1   _ 


a    -    a   T    + 


GKTKRAl,      THF.nR7 


The   arrango.Tier.t    is   Gs::entiiilly  a  V/hoatstone   bridr:e, 
i_.   v.'hich   the   fixed  co  lis  of  an   electrod;'nunoaetor  v/erj  placed 
ill   one   arm  of  the    bridge   and  the  hanging  coil   in   the   cross- 
connection,    in  place   of  the  galvanometer    in   the   direct   cur- 
'ont   method   of  use-        The   adjustment   of  the   bridge   ther.   used 
icponds  upon   the   fact   that   there  will,  be  no  deflection   of 
the    electro-dynauoaoter   if  the  phase   difference   of  the   cur- 
rent   in   the   fixed   coils   and  that    in   the   hanging   coil    ■ -■    "0°. 


Figure  1 

Fig.    1  is   the   arrangement  used.      Let   ^^    \  "^ i   ^^ 
''.,    be   the   resistances   of  the   different   arms   and   r  that   of 
-he    cross-coniiect  ion .      Let    c^^  be   the   curr-ent    in   the   aru:  n   of 
/.-.e    bridge,    and   c_   in   the   cross  conr.ection. 

If  we   apply   at   a  and  b   a  direct    electroi:  ot  ivc      I'orco 
E     Y/e    shall  have   the    follov/ing   expres-'jionn   for  the   currents. 


(1) 


_  '         5> 

R^  H.-   R^  R. 

""S-^ 

A 

A 
whore 

If   ir.  place   of  usinf;  direct   current   we   apply   to   the 
terjfiir.als  aba   staple   alternatitiL  E.    U.    F.     ^o^     we   shall 
^et    the    corresponding  quiintities   by   the   following   substitu- 
tions . 


c,e 


^^'^   ■'^^  c'.=  ce^^^'^    '-^^-^ 


ar.d    if  v/e   place    ir.   the   arni  1  a  coil  of  self-induction  L  and 
a  capacity   c  we  must   substitute   for  R^ ,    R^ ,    where 


R,    =  R,    +    i   L    L  - 


/  b   c 

and    if  ^is   the   self-induction   of  the   haiiging  coils   of  the 
electro-dyna/iiOiLeter  we  must   replace   r  by   r'  ,   v/here 

r'    =   r  +   i   b/ 

Mal:in£  these   substitutions  and   dividing    (l)    and    (2)   we  have 


•    '(fy'iCL   RjRy-  R/^S3-   i(b  L  -  -r-r  )   Rx (3 


How   taking   only   the    real  part   of  the   above   qua:itities  we   hav< 

:^-^^-J?J^v-^zR^^/^y(Ri+R^)+HP,+R^)i   +//-bVL);?jR^+R^ 
^  '^f-   [RJTR^+R^y  VrlR^+R^lf+P/i-CR^+^RT)^ 


This   then    is   the   condition   satisfied  when   t--ere    is  no   de- 
flection  of  the   dynajsomoter. 

The   fii'st   term  of  the   above    is   the    sai^ie   as   the   ex- 
pression  for  R     when   the   adjustment    is   conditioned  by  no 
deflection   of  a  galvanometer   in   the   cross-connection   and 
a  direct   current    is   used.      The   second  term  is  a  sii.all  cor- 
rection  terui,    always   vei"y  small,    at   nost   one   per  cent,    and 
often   entirely  negligible.        In  a  circuit   carrying  an   al- 
ternating current,    the   effective  values   of  R  etc.    are  not 
usually   the   sa^ne   as   their  actual  Oliiaic  values,   but   are 
larger.      They   include   that  part   of  the    impedance   against 
which  woi'k  must   be  done   to  maintain   the  current.      Let   R 
R     and  R     be  as  nearly   as  possible  pure   ohjuic    resistances, 
i.e.    let    their  actual  values  be   equal  to   their  effective 
ones.        And   let   the   arm  1  contain    iron,    a  condenser  pos- 
sessing  electric    absorption,    or  any  piece   of  apparatus 
using   energy,   whici^    is  not   expended    in   heating   the   conduct- 
ors  of  that   arm.      The  value   of  R     calculated  by  the   above 
formula   will    t.o    the    .i-l'r.^ctive    r-osii^t.^wr;.'    ■._.  ■  il    tJ:!-,     \. ■:■.■..:    th. 


acti4al  value   as  lueiisured  by  u  ciLrect   current,   will  be    tr.c 
iiicreaseci  rGsistaiice   due   to  the  hysterosic   of  the    iro;;,    the 
energy- loss   by  eiecti-ic   absorption,    etc. 

L;  ohe  measurement  of  certaiii  qui-Uit  it  ies  (e./-*  i^y^- 
I'esis  loss  in  iron)  by  this  method,  it  is  necessary  to 
insert  in  arai  1  oT  the  bridge  a  large  coil.  Such  a  coil 
acts  not  as  a  pure  self-induction,  but  on  account  of  the 
nur^erous  coils  of  the  wire  so  close  to  jne  another,  as  a 
self-induction   in  multiple  v/ith  a  capacity.  On    this   ac- 

'junt    foiinula    (5)    is  not   strictly   accurate   but   should   in- 
clude  a  tern   involving  the   capacity   of  the   coil.  Let 
the   capacity  vhich  in  parallel  with   the   self-induction   L 
will  have   the    sanie   effect   as   the  given   coil  be  k.      And   let 
R'    be   the   resistance   of   the   coil  and  R"   the   resistance   of 
the    remainder  of  arm  1.      Substitute    in    (3)    in  place   of 

R,  +    i   b   L  —  r-i- 

/  U     C 

Rt  +  R;+    i   b   L 

And  also  put 

Then 

Sr^M-^).  i^I^"-^^^Mij-r^J:4Wt^?VR^il  b   k   RiR^R^+bL-^bkH^R^R, 


As   bei'o^'e,    the   ooruiitioii    lui'"  no  uuriucLioii    lo   tuu'c    zrut   voui 
part    of    {.C)    v.u.i.shris. 

or 

=  ^Abk   R;    +(i-L^cL)    L   /'(R^+   R^)J/     LLRj-    i^^R)  (R,R^-R''R3J 
Expiincliiij-   this    it   becomes, 

A(i-b^kL)MR^R^-   R^h;')-A  RIR^d-uS.L) 

+b*klR;{Rj+   R^)Rj-    (RjR^-R^R;)(l-b^kL)    u'kiR; 

(R,+   R^)-  A   .*k   L  R;R^-    a   o'k'Rj"    (RjR^-   R",  R^) 

(1    -    L^:--L)     (R^+   R^)R,iJL   -d-b'k   L)(R3+   R^)     (R^R^-R;   R^) 

b*k  /r; 

Now  since  k  is  in  all  cases  small  anti  <  is  alyo  yiu^l.:.,  i3iii3 
tet^ius  above  which  involve  k^axid  k //may  be  dropped,  whence 
we  get, 

v>   -        A'  {l-b"kL)^(R.R^-R^Rr)-bVL    (R^^-RyjRjd-b'kL) 

"^z  ~  A  R 

.    l.b%L)   Ii^^*:r,;U^     -    b'^L     _^i.--^ni-b^k   L) 
■'3  ^ 

Now   since   the    last    term  is   very   small  ai:id   l-b^'k   Ij   is  nearly 

1,    it   may   be   droppeei;    ai^d  we   liave   Tor  the   final   formula. 


R»    =      H^Ry-   R^Rj*   +//      \'/^\    Rj  +      R^ 


.^         •  ^  'RTT'^+TrpVrTR^+RT)"  ■ 

;.  ^^.r.:i>R2. (7) 


iO 


In     trie     lii0a3UA\J...iJ;j.  C     oi     <J  ±ur,  ^  .•  ic     ciu:jOJ'p  U  kj'*     cu;u     ».y;;„>ji'- 

osis    loss   it    Is  necQssiiiv   to  know  the  period  of  the   current 
used.      In    tiiis    invest  i^^  at  lor.   a   speed  coun':or  aJid   clirono/^;raph 
were   used.      The   speed  counter  wus  placed   at    the   end   oi"    Li.'j 
dynamo   shaft    and   directly   connected   to    it.      A  contact   w..l; 
so   arranged  that    for  every   100   revolutions   of   the   dynajao 
ainiiatui'e   a  circuit   was   closed  arid  a   i'ecord   made   on   a  chro- 
nogi'aph   sheet.      On   a  table   beside   the   electro-dynamometer 
Was   a  Icey,   which   also   could   be   used  to  Jiiuke   a  recoi'd  on   the 
chronograph  sheet.      As   soon   as   the  brid^^e   had  been  bal- 
anced,   this   key  was   pressed.      And  by  the   aeasurement    of 
this    sheet   the   period   of  the  current   at    the  time   of  the   ob- 
servations was   quite   accurately  determir.ed.      The    error  from 
this    source  was  usually  not   more   than   one   part    in    1000, 
never  n:ore   than   1    in    100. 

After  each   adjustment,    the  resistance   of  each  arm 
was   deteirn;ined  by   the  use   of  a  Post-office   Box".    (When   the 
current   through  any   part    of  the   apparatus  was  not    lar^e,    it 
was  not  necessary   to  measure    its   resistance  after  each   ad- 
justment.)     The   resistance   of  that   part  which  was   affected 
the   most    by  heating  was  measured  first,    and    in   this  way   the 
actual  value   at   the   time   of  adjustment  was   quite   closely  de- 
termined.       In   cases  where   the  heating  was    large,    the   error 
from  this   cause   might    reach   several  parts    in    1000   in    R'     . 
and   consequent 
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of   tho    electric    absorption    resistance. 

Erro!*s   due   tc    induction   and   electrostatic   action   of 
the   different   portions   of  the   apparatus  were   carefully 
guarded  a^^inst   by  the   arrangement.      And   induction  was 
tested   for  by   reversal  of  the    relative  direction   of  the   cui^ 
rent    in   different   port  ions  of  the   apparatus-        Usually  no 
effect  v.'as  noticed,    or  at   most    it  was  very   small.      The   er- 
rors   introduced  by  the   self   induction   of  the   electro-dyna- 
moi^eter  coils   and  also   that   caused  by  the   electrostatic 
action   of  the  turns   of  a  large   coil  on  one   another,   were 
determined   ltA  corrected   for  when   sufficiently   large    in 
amoun  t . 


APPARATUS . 

Elect ro-d^mamomete^l        The   self   induction   of  the 
fixed   coils  was    .0165   henrjs    and  of  the  han^inn  coil    .0007 
henry. 

Dynamos:-     The   current   used   i-A   this    ir.vestif;.  tion 
was   furnished  by   three   dynojaos.      The  Westinehouce   ultornato 
in   power-house   of  the  University   furnished   a  current   of 
period    .0075,    i.e-    133  complete  periods  per  sec.      This  was 
used   for  only   a  few  observations.    '    In  most   of  the  work  two 
small  dynamos   consti^ucted    in   the  University  work-shop  were 
used.      Both  were   directly   connected   to   some   small   electric 
motors.      Both,  had   armatures   of  the  pancake   type.      The   one 
had   four  coils   on   the   armature   and  four  poles,    and  thus   pro- 
duced a  current    of  two  complete  periods   for  each  revolution 
of   the   ariiature.      The   other  was   larger  but    of   similar  con- 
struction having  six  coils   on   the   armature   and  six  polos, 
and   gave  three   complete  periods  for  one    revolution.      If  the 
load   on   the  dynamo  were  not   changed,    these   dynamos  would 
run   at   a  very  nearly   const^mt    speed.      With  the   second  dynamo 
the  number  of  complete  periods  per  second   could  he  varied 
fro;:.   6   to   70.      Howevj:',    at    the    lower  speed   the   electro-dy- 
namo.xetor  was  difficult   to  balance,    since   the   hanging  coil 
'.rov.  1']  vlhrat->  •.•.'Uh   the  current   and  blur  the    image   of  the 


1)    See   Af^.    Joum.    Sci.?i:ce,    July,    18:5^,    p.    35. 
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by   changing  the   strength   of  the   field.      Ir.   any   one   series 
of   observations   the   caine   djmamo  was  used,    as   the    results 
using   different    dynamos  would  not   bo   comparable,    on    account 
of   the   different   harnionica    Introduced.      The    siaall.  dynamor 
which  were   almost   exclusively  used  gave,   however,    a  very 
good   sine   curve- 

Resistances:-     The  high  resistances   and  those  ".vhlch 
..ore    required   to   carry  very   small  currents  were  nade   of 
fine   german   silver  wire  wovind   on   thin   sheets   of  fibre.      The 
self    induction  and  electrostatic   action   of  these  was  prac- 
tically zero.      The   lower   resistances,    and  those   required   to 
carry   largei'  currents  v/ere  made  of  a   special  resistance  wire; 
which  had   a  v6ry   sli/^ht   negative   temperature  coefficient, 
and  would  bear  considerable  heatin;^  vrith  a  very   small  change 
of   resistance.      This  wire  was  wound  on   slates.      Each   slate 
contained   sufficient  number  30  wire   to  have  nearly  2000 
ohms    resistance.        These  wero   conveniently    subdivided   for 
adjust;:;ent .      For  the   final  adjustment    an   ordinary   resistajice 
box  was  used,    but  never  more   than   fifty   oh]ns  werev'sed   in 
this   box,    and   then   the   total    resistance   of  that   arm  was    at 
least    1000  oh.Ls. 

Self   induct;ince:-  Two   coils  were   used. 
A  -   External   diameter  35.46   cm.;    internal   diameter   23.8   cm. 
3700  turns  #20  B.    &  S.        Self    inductance   5.30  henrys.    Re- 


sistance   188  ohms.' 

C    -   Same   dimensions   as    A   except   depth.      Self- induct  once    1.30 

-•3nrys.      1'747   tuiT..^:  #2:^  B.    AS.    .sin.Tle   cotton   covered   copper 

wli'e.      ReslstiiJTce   "8      ohras- 
Condensers:-      2   and   ;5.      Paper  condensers   uade   by  Marshall    of 
2  and  3  micro-farads   capacity. 

Willyoung   -   8  i::icrofarad   wax  condenser  made   l-y  Willyoung 
&  Company,    and  divided   into   sections   of  one   microfarad   each. 
Mica  Condensers   -   l/3  M.    F.    standard  condenser  made   by   Elliot 
Brothers • 

1/3  i.I.    P.    Standard  condenser  made   by  Troy  Electric    Conpuiny. 
The   bridge   -     The  bridf,e  v/as   set   up  perma;iently   on   a  table; 
all   connections  were   soldered;    and  the  wires  used    in   con- 
nectinfr  different   parts   of  the  bridge   and   in.'^tru.-nents  were 
#25    cotton   covered  copper  wire.      All  v/ir^s  were  made   as 
short   as   possible   and  no  wires  were   twisted. 
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Investigation:-      .In   Fir,-    2   is   shovm    the   arranf^eraont  used    ir  li 
the   measurement    of  Glentrlc    absoi'ptlon.      n,    r,^  and  H^  ar-^ 
cur^'ent    revorsin/':   switches  which  weri?  used   to   reverr.c   thr> 
current    of  the   different   parts   of  the  bridj^e  with   relation 
to   one   another,    so   as   to  test   for   induction   errors.      Jr 
..ost    cases  no   effect   was   found,    so  that    it   was  not   neces- 
sary to   take  a   set    of   readings   in   each  case  with   the   switche;?! 
In   different    relations.        K,    is   a  key   to   close   the   circuit 
through   the  hanning   coil   of  the   electro-dynarao-ueter.      V/hen 
K     was  not   pressed  down,    it   closed  the   cross-connection    of 
the   bridj'^e   throii/^h  a  resistance   r'    equal  to   the   resist;.aice 
of  the   hannin.n;   coil   of  the   olectro-djmarao.'.]et'3r.      This 
avoided  any   sudden   change   of   citrrent    and  hence   a  change   of 
speed   of  dimarao.      The  key  K^  was   the   chronograph  key  de- 
scribed above   and  was   closed  just   at   the   time   the   l^ridge 
was   balanced. 

A  fev/  iteasurements  v^erc  first   made  using  the   paper 
condensers   2  and   3.      Table    I    choT/s   the    results.      In    this 
and   the   following  tables   R'      denotes   the    effective  value 

of  R  calculated  by   formula    (5)    and   A  the   resistance  due   to 

l| 
the   electric   absorption    (A  =  R,  -   R,).      T   is   the  period   of 

the    current.         The   result?^  with   thene   condensers  were  very 

unsatisfactory,    as   the   heating  was    no  great    that    it   was  | 

li 

difficult   to  make  accurate  detenninations . 

The  wax  condenser  made   by  V7illyoung  was  next  used.        ,, 
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r  =   6535 


condenser 


3 

3 

2 
2,3(.'^) 
2,3(P) 
2,3(P) 
n,3(S) 

3 

2 


Ohm  in 
Value 


34.04 
34.45 
34.45 
34.  45 
34.45 
34.48 
34 .  19 
54 .  45 
54.4? 


TABLE      T. 

IT   =   133 


2022 
2020 
2020 
2020 
2020 
1991 
1992 
1992 
1992 


4600  99.7 

9090  203.4 

2475  99.7 

8920  407.0 


2205 
4130 
2031 
33:35 
2414 


51.7 
99.7 
99.6 
99.6 
99  .  6 


Value    ;l 
Calculated      of  olec- 
trio    ixi- 
^.j  rsorptittn 

in  Ohms | 


43.86 
45.22 

81.46 
92.23 
47.37 
48.09 
97.83 
59.72 
82  .  28 


9.82 

10.77 
47.01 
57.78 
12 . 9  2 
13.61 
63.64 
25  .  27 
47.79 


IC 


This    cor.clcr.ser  h:;d   1-enn   T3n.de    in   a  vr.cu'j.n  under  p re j^ :-u re ,    and 
showed  quite    small  he:;tir.r;  by   the   current.      By  taking   a  re- 
ries   of  measurements   during  an   afternoon,    the   results  wer- 
not    affected   to   any  r^^eat    extent   by   the   changes    in   tenqper- 
attjre   of   the    room,    as   these  wore  co.  iparatlvely   slow.      Of 
course   there  was   still   sone   slight   heating  by  the   current; 
but    this    in   extreme  cases   did  not    amount   to   enough   to  occa- 
sion   an   error  of  more  than   one   or  two  per  cent. 

Tables    TT   and   ITT  give   the   results   for  the   absorp- 
tion   of  all   eight    sections   of  this   condenser   in  parallel, 
for  different   periods   of  the   current.        In   Figs.    3   and  4 
the   above   results   are   plotted,    the  ordinates   representing 
A  the   resistance  which   in    series  with  the   condenser,   would 
be   equivalent   to  the   elective   absorption;    and  the   abscissae 
represent   the   period  of  the   current    in   seconds.    The   curve 
proves  to  be   a   straight    line   or  a/t    is   a  constant   within 
the    limits   of   error  of  the   experiment.      On   account   of  this 
very   simple   relation   connecting   A  and  T  this  condenser  was 
exceedingly  convenient   for  a   test   of  the   method. 

The    first    tost    applied  was   to   change   the    relations 
of  t/ie   resistances    in   the  different   arms   of  the   bridge- 
Tables    IV   and  V   give   the   results   for  R^Rynearly  constant 
and  Ri/p.y  varied.        The  variation    in   R»/R^was   about    200f' 
and  a/i    is   practically   con.-tant.      The   slight    increase   of 
a/t   In  the   last   two  measurements   is  due  to  the   larger  cur- 
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TABLE      IT 

r  =   6020 

R,,  =  509 

1 

R^  = 

504.8 

Date, 
etc- 

R^ 

R, 

Calculatorl 

r; 

(r:-h,) 

T 

A 

-     3-1-991 
-24- 

2 

4460 
4676 

34.69 

34.71 

57.75 
55.09 

23.06 
20.38 

.1234 

.1066 

186.  9 
191.2 

3 

4015 

34.69 

64.14 

29.45 

.1500 

196.3 

4 

41'-3 

34.69 

61.86 

27.17 

.1452 

193.4 

5 

5154 

34.82 

49.99 

15.17 

.0795 

190.7 

6 

5103 

34.01 

50.44 

15.63 

.0808 

193.3 

7 

5296 

35  .  13 

48.66 

13.53 

.0683 

197.9 

8 

5307 

35.15 

48.56 

13.41 

.0679 

197.5 

'' 

5617 

35.42 

45.95 

l->.53 

.0516 

203.3 

ll 

Ci 


y 


^.  £- 


u             ^ 

c 

Abscissae  represent  peri 


n  „ 


4n1 


> 

)-:dj; 

/ 
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TAJ3LE      TIT. 
r  =   6020  ^f=   1060  R^  =  303.  1 


Date  Calculated  ATA 

etc.  R,        "^t  r;       (r;-r,)  T 


2-23-9 
-22 


\5 


1 

-9'J 
2 

7102 
7251 

34 .  68 
34.70 

44.81 
44.45 

10.13 
9.75 

.0557 

.  054-- 

181.7 
179.2 

3 

5564 

34.67 

57.91 

23.24 

.1269 

183.2 

4 

5556 

34.66 

58.00 

23.34 

.1291 

180.8 

5 

6694 

34.73 

48.15 

13.42 

.0735 

182.  C 

6 

6718 

34.77 

47.97 

13.20 

.0717 

185.6 

7 

7016 

34.85 

45.93 

11.08 

.0602 

184.1 

8 

7044 

34.38 

45.75 

10.37 

.0592 

183.6 

n 

7921 

35.11 

4r.S8 

5  .  57t 

.0301 

185.2 

10 

7910 

35.10 

40.74 

5.64 

.0301 

187.4 

Fip,tire   4. 


^ 

+A 

^  \  r"  '^ 

tv  o.  K.  "^ 


f 


\ 


\ 


-A 


\   scihr.ao   ropi-epeiit   perio^ 
"•^•dinites  ropreeent   A   in 


ir,   secornllR. 


<>hr:r 


TABLE      rj. 


6536 


Calcu- 
Date  lated.  A  A 

etc.  ^z         ^j  ^y        ^/  ^/       ^-''V  T  T 


3-16-PP 

29  1      509.2      5561        507.2      34.61  46.57  11-96  .0640  186.7 

54. 6G  46.40  11-74  .0628  187.0 

99.56    34.65  44.97  10-32  .0558  184-9 

34.65  44.74  10.09  .0541  186.5 

302.9      34.71  45.42  10.71  .0572  187.2 

34.68  45-19  10.51  .0563  186.7 

7  302.1      6732      1009.2      34.83  45.41  10.58  .0563  187.^ 

8  "  6728  "  34-84  45-38  10.54  -0563  186-8 

9  99-46    4511      2044-5      35-00  45-19  10-19  -054: 
10              "4511.              "           35.04  45-19  10.16  .053< 


2 

5581 

3    2071. 

4598 

4 

4622 

5    1009.5 

6750 

6 

6785 

TAi^LE        V. 


r  =   6020 


Calcu- 
Date  lated.  A  A 

etc.  R^  R^  R^  R,  R;  R,' -   R,      T  T 


3-3-09  1 

26     2  508.4  5854  504-3  35.53  44- lu  8.57  206.7 

3  "  5859  "  35.50  43.89  8-39  203.7 

4  1009.  7121  302.7  35.34  45.01  7.67  202.9 

5  "  7145  "  35.37  42.87  7.50  199.9 

6  2068.  4905  99.49  35.36  42.09  6.73  196.6 

7  "  4922  "  35.13  41.95  6.6;-^  195.4 


?.c 


R^  =    1505.8 

7 


Date 
etc 


4-19 
118 


TABLE       VT 


Calcu- 
lat  ed • 

R! 


1  2070      76, con  34.68  40.70  .0312 
5  "         74,20n  34.60  42.02  .0367 

2  1009      36,120  34.76  42.07  .0375 
4  "        35,9'"0  34.80  42.2.5  .0378 

3  99.48      3,542  34-75  42-30  .038c 


r  =  4810 


A  A 

T         (<-R,)         T 


6.02      192.9 


104.8 


7.22  196.7 

7.31  194.9 

7-45  197.1 

7.55  195.6    195.6 


196.0 


— 

rent 


rent    in   anc  1  and  a  consequent   heating;   of  the   condenser,    unci     i 
also   to   the   fact   that   after  the   coil  of  the   electro-dyna:i:oine-  ' 
ter  had  been   heated   sli.p;htly,    it  v/ould  be   cooled   a  small 
a^aouiit   before   its   resistance   could  be  measured.      Tal'le  VT 
■  ows   the   results  when    R  y  is   kept   constant   and   R^  and  ^3  are 
•led.      These   also   shoyf   a/t   constant.         It    appears   then 
.  .'or^  the   above   facts   that    A   is   a  quantity    independent  of  the 
relative  values   of  the   resistances    in    the  different  branches 
of  the  bridges- 

Tn   the  next   test   the  period  was  kept   constant   and 
the   electromotive  force   acting  on  the   condenser  was  varied 
about   5^0    .      The   results   of  this  test    are  given    ir.   Table  VTT. 
The  values  for  the  higher  elect  i-omotive   forces   are   slightly 
greater,    ov^ing  to  the  two  he:.ting  effects   iiientioned  above. 
Aside   fron:  this     a      is  constant,    i.e.    A   is    independent   of 
the   current   flowing  through  the  condenser. 

The  variation    in    a/t   due  to  change   of  temperature  was 
obtained   as  follows:-        In   an   opening  made    in   the   side   of  the 
box   containiiig  the   condenser,    a  mercury   thex^uoneter  was  placed 
The   temperature    indicated  by  the   thermometer  was   of  course 
not   that   of  the    inside   of  the   condenser  but   that   of  the   outer 
edge.      The  condenser,    however,   was  kept  within   a  degree   or 
two   at   least   of  the  desired  temperature   for  some   six  or  more 
hours  before  being  used. 

e  sufficiently  accurate   result 


TABLE      VTJ 


R^  =    1008.9 


Rv  =  303.8 


Date 
etc. 

""j 

3-10- 
27 

99 

1 

6649 

2 

6593 

3 

6797 

4 

6777 

5 

6606 

3-14 
28 

6 

6 

6473 
6591 

7 

6803 

a 

67313 

9 

6555 

Calcu- 
lated. 


24, 4  in      3.'3.45  46.14  10.69 

35.34  46.53  11-19 

12,490      35.13  45.17  10.04 

"           35.15  45.31  10.16 

6,348      35.03  46.56  11-53 

34.96  47.51  12.55 

4,807      34.73  46-60  11.87 

6,371      34.79  45.14  10.35 

"           34.78  45.61  10.83 

18,830      35.01  46.74  11.73 


T 

A 

T 

VoltG     , 

e.m.f. 
act  inn 
on  con 
denser 

0523 

204.3 

240      ! 

0562 

199.3 

FI 

050G 

197.6 

152 

0511 

198.9 

" 

0584 

197.3 

77      jl 

06418 

195.5 

„ 

0590 

201.2 

76 

0515 

201.1 

142 

0540 

200.6 

" 

05G7 

203.5 

243 

u 


u 


TABLE     VTTT 


4810 


Calcu 

latvl        A 

A 

R/    r;-r. 

T 

T 

11-16-99  19.3  709.0  2557  203-62  35.73  56.48  20.75  .0920  226.0 

■  102           1  22.0  707.8  2195  202-6  34.90  65.55  30.45  .1167  258.2 

-2-?9    7  22.2  707.8  2614  202.6  34.97  54.88  19.91  .081C  242.7 

1  16.5  709.9  3r:7l  203.0  34.40  44.08  9.68  .0543  178.6 

12-8           2  16.7  709.  r^  2862  203.0  34.44  50.04  15-60  .0816  191.3 

106  20.2  2985  2985  203.3  34.93  48.27  13.34  .05C9  234-5 

1  4-5  302.4  2696  407-3  34-55  45.87  11.32  .0752  150.9 


^ 


- 

X 

-■ 

<k 

'2' 

'^- 

1 

1 

1 

\ 

\ 

\ 

~~ 

< 

\ 


N> 


7^ 


^ 

\ 

^ 

Vm 

^" 

acisaaa 
•dir  at03 

VQ-pv 

I  adnt  temp 
<  aon.t   A/r 

iratupo  I 

ifc  d<»  :C. 

1 

L 

thei-e  was 

no 

oc easier    for   a:: 

accurate   deterninatio!"!   of 

the         II 

temperature. 

Table  VTTT 

fiiv 

es  the    results   of  this    inve 

.-^tiga- 

tion,    and 

in 

ng. 

5   they 

are 

plotted  with  temperatures 

as 

abscissae 

and  a/t 

as   ordinat 

OS.        It 

appears   that   at   ord 

inary 

laboratory  teniperatui'es   a  va 

riation 

of.l°C   will  cause   a 

chanf^l 

I     of  about    i;''  in  the  value   of  a/t   and  consequently    in   A  for  a 
given   T.        Frou.  this    it    appears   that   the   slir.ht  variation 
noted   above   in   the   constancy  of  a/t  would  be  easily  accounted 
for   by   the  changes   of  temperature  due  to  the  current  or  the 
gradual  changes   due   to  changes    in  the  temperature  of  the 
roo!:;,    since   a   series   of   observations  usually  occupied   three 
hours   or  longer. 

Table   IX  gives   the   results   for  the   two   l/s  micro- 
farad condensers  described   above   connected   in  parallel;    and 
in  Pig.    6  the   results   are  plotted  as  before-      It  was  neces- 
sary  to  use   the   tv/o   in  parallel   in   order  to  get    sufficier.t 
currer.t   through   the   fixed  coils   of  the   electro-d:,'n£:in.on.eter. 
This  was   especially  true   for   long  periods   as  then  the    impe- 
dance  of  the  condenser  increased  and  at   the   same  ticie  the 
available   electromotive  force   from  the  dynamo  decreased. 
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'\b 

Or 

• 

AbsciJssao,  i-oprdsont   turn  ii' 


TABLE      TX. 
1/3   Elliot    and    1/3   Troy. 


R^  =   303.3        r   =   4811 
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Date 
etc 


11-29-99    1        409.7 


105 


410.6 


2984 
2723 
1807 
1604 
2454 
3010 
3157 


34.07 


34.04 


Calcu- 
lated 

(r'-  r; 

T 

41.  6C 

7.5? 

.0271 

45.59 

11. 52 

.0345 

68.79 

34.  72 

.0752 

77.49 

43.42 

.0893 

50.66 

16.  59 

.0428 

41.30 

7.23 

.  0239 

39.38 

5.34 

.  0187 

'-] 
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Capacity   of  a   Condenser  which   shov/s   ^'.lectric    Absorption:-      FromJ 
the  theory   of  olectric    al'sorption,    as   based    on    the   heterof^ene- 
ous  nature   of  the  dielectric    it   appears   that    there   should  be 
a  variable  vulue   of  the   capacity   of  such  a  condenser  depending 
upon   the  period  of  the   current   flowing  throur;h  the  condenser. 
The   method   chosen   for  the  meaFuroment  of  capacity  was   one   de- 
scribed   in    the  Anerican   Journal  of  Science,    Dec-,    160?. 

Method:-      This   consifitod    in    the  use   of  a  divided   circuit. 
One  brcinch,    a,    contained  a   resistrj^ce   R^,    either  the  fixed   or 
hanging  coils   of  the   electrodynaiuoiiieter,    and  a  condenser  whose 
capacity  c   was   to  be   studied.      The  other  am,    b,    contained   a 
resistance   ^.^,,    a  coil  with  which  the   capacity   c    is  compared, 

and  either  the  hanf:;ing  or  fixed 
T  coils  of  the   electrodiTiamometer . 

.et    L  be   the  coefficient   of  self- 

'-  J 

induction   of   the   coil  plus    that 
of  the  coils   of  the   electrod^Tia- 
moiiieter   in   that    arm,    and   let  t^ 
1  be   the   self   induction  of  the 

coils   of  the   electrodynaniojneter   in   thn   ,i-^-   •         f,et    --r^.    i^let-tro- 
notive   force 


^-tc 


i  ^t 


be   applied  to  the  teminals  c   d.      How   representinfi  the  mejclinum 
values   of  the  current  by  c^  and  c^  and  the  phases  by  jiand   >^ 


we   have   for  the   braiich   a 


=    ^.(H.+    i    b/-      i3^> 


and   for  the   branch  b 


2^(R,+    i   b    L) 


If  we   adjust   the   resistances  until   there    is  no  de- 
flection  of  the   electrodynamoir.eter,   we   shall  have   the  dif- 
ference  of  phase    {  y^  -  y^)    =  90°   or  cos    (  >^  -   /^^j:  )    =   0. 
Further, 


H^-'-    i  b   L 
R  +    i  b/: 


(12) 


Hence   since   cos    (  /^^  ^  fi^  )    =  0  v/e  rjict   have   the   real  part   of 
this   equal   to  zero. 


(1  -  b'c  /)    (b^c   L)    -  b"c'-   R^n^, 


R^R; 


1  ) 


(13) 


■a.^1.  (—1 

As    In   the  case   considered  above   a  coil  does  not   act    as    a  self- 
induction   alone   but   as  a   self   induction    in  parallel   with  a 
capacity,   due   to   the  electrostatic   action   of  the   turns   of 
the    coil  on   one   another        f^or  this    reason    the   alovc   fornula 
is  not  exact   for  any  actual  case;   but  there   must   be    instituted 
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r 

-1  ovo   ir.  place   of  K^+   i   h   L 

Rt  +    i  b   L  (14) 


'^^  ^„     i    b   C  , 

R"  V  i   b'L^-lL 

^  be 


.'^i.'b.'^titutirr    this    ir     (l2) 


we   r.ave 


c      ^  ~         I-  "^   i   b   c'    Rj;.  +   1  -  b*cMj 


b  c 


___JVV_(l^b*c'L)bc  +  Rr  bc  +  i  {  b^c    c'    ^V'^^^b'c    \] 

R^O.- b ' c '  L) b c+Tl- b * c   t") b'  c^f-i / [( /- i.'c  !,)(/- 1\ ^) -^cc'  Ra  f<t  J 


As  before,    the   condition   for  no  deflection    is  that   the    real 
part    of  this   equals   zero-      Hence 

b*cf  RJ^d-b'-c'D+RJ^lF    R^d-b^c'Dc+R"^  (1-b^c  /)    c'J 

=  b*c^R'^R|^     C    +   L    If      (l-b'^c'L)  (l-b'c   /)    -   b'c   c'R;      R J 

Expanding, 

R'^  R^(l-b'-c«L)^c   +    RV(l-b*c  /)(l-b*c»L)    R'z.c' 

+R;   R^(l-b^c'L)c    +RI-  (l-b"c  /)c'    = 

R/.  Rj:  c_'  j Jr]^! c J  LJ _(l__-^  b_' c_/j  +  L   U- b^ c  »  L )  ( 1-b ' c  /) 

-b*-c    c'    R^  R^(L  +   RJ.  R;1     C) 

Since   c'    is   small  we  can   drop   the   terra   in   c'^    .      We  have  on 
dividing  by    (l-b*c'L)  (l-b*c  /  )   c  and  rearranging  the  terms, 


Capacity 


F inure   7 
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b*c'    R2.  R^L 
(l-b^cTJTl^b^c'^y 


I    or 

L  ^   iRU    +   32.   )R^  +   p„    4'  _1 

c  ri-"b*-c^')  't   c        TT-b^c'Ll' 

b'^cJL  R^Ri.    ,         b*c'L_R«Ri._ 

"ll-b^c/F  TT-b'^c/fll-b^c'Ll 

lIoviT,    since   in   any  case  the    last   three  terms  are   s;.iall,    and 
(l-b'^c/)    aiid    (l-b'^c'L)    are  nearly   one,    they  ra;ay  be  dropped 
froii-  the    last  tei'ns   and  we  have 

Investigation    -    In  Pig.    7    is   shov;n   a   diagrron  of  the   appa- 
ratus.     T-he  arrangement    is   the   sane   as    in   Fig.    2   except  that 
two   switches  M  and  'T     ..ro   introduced.      In   position    1  and  vrith 
a  resistance    in   ann  4,    electric   absorption   can   be   found.      In 
position   2  and  with   a  coil  L   in   arm  4    in   place   of  the   resist- 
ance,   the   capacity  of  the   condenser  can  be  compared  with  the 
standard   coil   Ij.      In   formula    (13)    R      includes  not   only   the 
ohmic    resistance   of  branch  a,    but   also   the   added    resistance 
I  due   to  electric    absorption. 
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TABLE     X. 
\y=  912.5      r=40in     Coll    A  =  5.3  honry 


4-20 


By   for- 
xm  la ( 13 


d=r;-r. 


408  0 

224.6 

225  . 8 

.  01S8 

i-a 

4092 

224.  8 

225  .  2 

.  0488 

.4 

4074 

225.0 

226.2 

.0182 

1.2 

4034 

225.0 

228  .4 

.0182 

3.4 

with    .OJ 

farad    l.-!  parallel 
with  coil. 


ir   Formula    (15)    is  used    in    calculating   '^s  it    is   226-2.    Hence 
D  =   1.2   as  without   condenser. 


L 
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A  preli.T.inary    invest ir:at ion  v/as   carried   out   to  find 
whether  the  correctlor    due   to  the   capacity  of  the   coiL   c'    worejj 
appreciable   and    if  so,    to  ascertain   its   arnount  ■ 

The   method  chosen  was   as   follows:      An   arrangement  vfur. 
nade   as    in  Fig.    2   except   that    in  place  of   the   condenser  c    the 
coil   L  with  which   the  capacity  of  the  condenser  is   to  be 
compared    is   placed    in    am  1  of  the   bridp;e.      The   arranf^enent 
was   first   balanceo  with   a  direct   current;    and  the  values   of 
R,    as  measured  and  as   calculated   from  H^.*    ^j  '    F^were  the   same. 
In   table  7      are  f^iven    the   results   for  ^./    as   calculated    for 
three  periods   of  the   current-      Tn    all  three  canes   ^.J    is 
greater  than   ?.<  by   an   amount   D.      A   third   obsei^ation   was   made 
with  a  condenser  of   .01  microfarad  capacity  shvmted  across 
the   terminals   of  the  coil.      The  corrected  formula    (7)   was 
tested    in   this  way-      The   result  gives   the   sait;e  value  of  B, 
with    or  without   the   condenser,    thus  verifying  the   formula. 
y   assuming  the   quantity  D  as   entii'ely  due  to  the   electro- 
static  action   of  the   coil,   which   if  not   absolutely  true,    the 
formula  will  at    least   give   a  value  of  c'    the   equivalent   ca- 
pacity  of  the  coil,   which  may  be  used  as   the    limiting  value. 
This  value   of  c'    is    .006  microfarads.      In    formula    (15)    the 
la.it    term  77ill  be  very   small   as   compared   to  the   first    for 
any  values   of  b  used    in   this  work-      The   second  term  will   in 
the  most  unfavorable   circumstances   amount   to  only   1  part    i!'. 
10,000   so  that   the   g_pyrQ°^ J^P",  ^^Q   to  the   electrostatic   action 
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P.O. 

R> 

T 

A 

R  a. 

R2-               '-'^ 

1! 

2 

238.2 

2604 

.121 

30.6 

268.8 

2604   7.574    11. P 

II 

3 

228.8 

3053 

.103 

26.1 

3079    7.549           ' 

4 

328.2 

2119 

.103 

26.1 

2145    7.554 

5 

431.5 

16 -'2 

.102 

25.8 

1628   7.569 



6 

531   5 

1302 

.0908 

23.0 

1325    7    552 

1 

1 
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of  the   coil  ir.ay  be   entirely  neglected. 

The  next   point    invest if^ated  was  the  correction  Cue 
:o  the   electric   absorption.      In   these  observations  the 
absorption  was   determined,    the  capacity   then  measured,    and 
the   electric   absorption   anain   determined.       In   Table  XI   are        I 

iven    the   results  v/ith   the  condenser  in   one   arn:  and   then 
changin/^  to  the   other,    aiid  also   chanf^ing  the   resistance    in 
series  with   the  condenser.      The  results  are  corrected  for         1] 
electric   absorption   and  the   chai^.f^e   in   L  due   to  the  change         [' 
of  c   and  the   coil  from  one   ami  to  the   other,    caused  by  the 
coils    of  the   electro-dyr.anoneter  having  different  coeffi- 
cients  of   induction.        The  greatest   difference  betvireer.   two 
determinations  under  these  different  conditions   is   3   partr 
in    1,000. 

The  chaiige  of  capacity  with  the  period   of   the   cur- 
•   nt   was  now  tried.      Table  XT:    shows   the   results   of   the    in- 
stigation.       The   error  of  each  observation  has   a  li;nit   of 
about    1  part    in    l,n")0,    if  the   observations   are   compared  amonfi 
themselves  '.vhile   the  actual  errors,    as   compared  with  the 
11      true    ratio  ^    may  be    in   error  tv/o  or  throe  times  this    limit; 
j      but   we   are  not   particularly  concerned  here  with  the   actual 
I      value,   but  merely  the  change  with  change  of  period.      Tn  Pig-    Ij 
8   the   results   are  plotted  on   two   scales.      The   results   for 
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c.5^ 


Absclsnae   represent   period    in   secondB. 
Ordinates   represent   capacity   in   ":.    F. 


\ 
X 


condenser  has   a  capacity  which  shov/s   a  slif;ht  variation  with 
the   period   of  the   current-      The  capacity   increases  w'th    in- 
crease  in   the  period   of  the   current,    as   shown   by  the   theory; 
and    in   amount    it    is   somewhat    less  than    as   the   square   of  the 
period. 
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DETECT  Tor      OP      SHORT      CIRCUITS. 

A  very  useful   application   of   tho  V.Tieatstorie  Lrid/-e 
is    its  use   for  the   detection   of  short   circuits    in   coils   of 
i>'e.      If  a  uass   of  metal  or  a  closed  coil  of  wire    is  held 
jar  a  coil  of  wii'e  carrying  aii   alteimutinr;  current,    there 
:il  be    induced    in   it   certain   currents-      Hence  there  must   be 
ore   enerft-y   supplied   to   the  pririiary  circuit   to  V:eop  up   the 
current.      This   extra  consuaption   of  ener/^y  -.rill  manifest    it- 
•?lf  by  an   apparent    increase    in    the   resistance   and  conse- 
quently a  greater   i'^R   loss.      This  fact    is  nade  use   of   in 

the   following  method   for  the   detection   of   short   circuits    in 

1) 
coils   and  was   su;:;gestod  by  Professor  Ro'.vlaiid- 

The   inethod    is   as   follo.vs:-   The   connections   are   as 

■-   Tig.    2,   with   the   exception   that   a  coil  of  wire   is   intro- 

uuced    in   arm  1   in  place  of  the   condenser.      If  the   resistances 

are   now  balanced  until  there    is  no  deflection   of   the   electro- 

.namometer,    and  a  mass   of  .iietal  approaches   the   coil,    there 

ill  be   a  deflection    of  the   electrod:,'namometer,    owing   to   the 

increeise    in   the   effective   resistance  of  the  ai'ia   1.      If  a 

coil  of  wire  whose   ends  are  not  connected  be   laid  on   top  of 

the   coil   in  arni  4   there  will  be  no  deflection,   vvhile    if  the 

ends   are  connected   or   if  thei-e    is   a  short-circuit    in   the   coil 

there  will  be   a  deflection. 

•rrsitiveness  of  the  method.    The  j 


1)      Am.    Journal   of  ."ci<3nce,    Dec    1007 
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coil    A    of    5.3    herri'y^'    >*-•«    u;:eu.        .iic    ui'iuc^u    Was    baiaricou    and 
then    small   ooils   of  wii'e   tho   sano   size   as  the    inner  diaxaotor 
of  the   coil  -Arere  placed   on    tho  coil   and  the   deflection  noted; 
and  the   apparent   increase   of  resistance  was  determined   in    the 
sane  manner  as  the  electric   absorption    in   the   case  when   the 
coil   L  was   replaced  by   a  condenser.        Colu.-un   D  gives  the 
deflection   after  the   coils  were  placed  on   the   large   coil   in 
am:   1   and   ]\      is   the   apparent    increase   in    reslstaiice   of   iiiiu   1- 
It   appears   fron  this   table  that  with  a  coil  of  the   si::e  used 
:   short   circuit    in   another  coil  of  the   same   size   could  be   de- 
tected,   even   though  the  coil  v/ere  of  quite   fine  wire   and  only 
one   turn   was   crossed-         Other  conditions  bein^^   tho   sajne,    the 
sensitiveness  v..ries   directly  as   the   cross   sectiov    of  the 

ire    in    tre   coil    to  be   tested,    if   the   resistance  of   the   con- 
tact  between   the   tv/o   ends   of  wire    is  nef;lected.       Tn   cases 
..here   siuall  coils   are  to  be  tested,    the   sensitiveness   may  be 
Increased  by  filling  the  centime  of  the  coil  .vith   iron.      And 
of  course   as   short   a  period  of  current   as  available   should  be 
•sed. 


TA£L?:     XTII, 


Ri=    1010         H^=    1507      P^=    225.7      T    =    .015 
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HYSTERKSIS. 

The   a'ranncrr.er.t   used   for  the   doterjnination    of  hyster- 
esis   and  Toucault   curt'ent    loEr.es   is   the   same   as   for  the   do- 
te rru  in  at  ion   of  electric    absorption,   \7ith   several  additional 
elements • 

Fir.-    9   shows   the  arrangcniont  used.      All  the  ars^s   ar-? 
::he   same   as   in  Fir;-    2  except   ami  1.      Arm  1   contains  a  coil 
L.      In   this  coil    is  placed  the   iron   to  be  tested,    F.         is   a 

"lall  coi  1  of  wire    surroundin,^  the    iron   and  used  to  deter- 

ine   the    induction    throuph  the    iron-      The   two   coils   of  the 
electrodjmamometer  D,  are  conrectod   in   series-      The   key  K^ 
serves   to  put   the   coil  /,    the   resistance   ij  and  the  coils 
of  the   Glectro-dynaiTiOmeter   in   series-      By  noting   the   deflec- 

ion  produced  by  the   current    induced   in    ',    the    induction   may 

3   calculated,    the   elect ro-dyharaometer  having  been  previourly 
calibrated.        R^  is   a   small  resistance    in   arm  1.      A  small 
current    is   shunted  off  fron  the   terminals   of  R^  and  can  be 
•ont    throu^^h  the    resista>ice   r^^  and  the   elect rodynaraoj.ieter  by 

ne   key  K   ;    and    thus   the   total  current    in   arm  1   may   be   Jotcr- 

.ined . 

:.!easurement   of  tr.e    Jur^'ont:-        The   calibration   of  the 
:lectrodynamometer  showed  the   current   to  be   quite   accurately 
proportional  to  the    square   root   of  the   deflection    (V^)  •       A 

ef lection   of  1  cm-    corresponds  to  a  current   of    .00213   ar - 


nere.      We   '^'hni  i    then   hirve  the   total  current    in    arm  1 
c,  =    .00213  \/1T     -^-^--^^^ 

In   place    of  measurin/:;  the   current   by   an    elect rocl:,'nano:r.etGr, 
in    some  cases  a   s:;:all  aniiiieter  mif^ht  be  used,    but   as  the   cur- 
rent  enters   as   a  square   in   the    3norny    loss,    it   must  be   accu- 
rately  determined. 

Detormir.ation   of  the    Induction:-        For  the   determL".;:tion 
of  the    induction    several  different   for.ns   of  the   secondary 
coil  were  tried.      Coils   of  the   sr.:ae   size   as   the    intertial  di-     '| 
ameter  of  the   coils   A  and   c   v/er-a   first    ised-        These  were  | 

found  unsuitable,    ho":e\'er,      as   a  considerable  current  was 
induced    i;-.    the:i:,    oven  when   they  contained  no   iron,    and   their     || 
coefficient   of  .^elf   riductior  v/as  not  ner;lir;ible .      The  best        j 
forr:.  was   found  to  be   a  coil   of   50  turns   just   lar^e   enoup;h   to 
contain   the    iron  used,      ''o  measurable  current  was    induced 
in   this,   vrhen    it   contained  no   iron,    and   its    self    induction 
was  negllc^ible.      The  "R.    ?.!.    F.    around  the   circuit  when  K^  is 

closed  will  be  ^ ,   where 

I 

^  =  VT  X   .00:^13  X  ^.  volts  I 

:  ow   let  y   be   the  nun:ber  of  turns    in   the   coil    /  and  .'^   the   avor^ 
age   cross-section   of  the    iix>n   surrounding  the   coil  L,    and  we 
have   the    induction   per   sq .    cm     E 
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N/iT  X    .  00213    X  ,  „^- 

-   =     "^T^  x"  4V44  "x  r.  ■    ^'^     <=-f^-«-    "^i*" 

where  n    is   the  nunbor  of  complete   periods   of  the   current- 

TJnerpy   lo-^f?:-        The   enerf;y   loss   due  to  hyr5t.?renis    is   or- 
dinarily  expressed  as   a  certain    loss  per  c    c-    of   iron  per 
cycle.    Tinerpy    loss   =   i*"  ^>  t 

If  c,  is  the  current  in  arr;  1,  V.  the  total  added  resist- 
ance due  to  the  hysteresis  and  Poucault  currents,  v  the  vol- 
ume   of  tbe    iron  used,   we  have   the   energy   loss   per  cycle 


since   t  will   equal  T,    the  period  of  the   cur -ent- 

Experiment:-     The    iron  used  was   ordinary  transformer   iron. 
The   plates  were   L   shape,    and  could  be   fitted  about   the  coil 
C  very  nicely.      Tn    the   first   place   the  uniformity  of  B  was 
tested   for  different   quantities   of   iron.      A   slot  was   cut    in 
the   centre  of   one   side   of  an   L  plate,    thus  dividing;   the   side 
into  two   '.arts,   which  were  made   as  nearly   equal  as  possible. 
A  coil   of  wire  of   one  hundred  turns  was  wound  on    each  of  theae 
parts   of  the    iron.      J:y  noting  the  deflection   produced  by   the 
two   coils    in    succession  when    the   iron  was  placed    on  the   coil 
A,    the   relative  vlue   of  r    clor^e  to   the   coil   A  and   farther 
away   could  be   tested.      Ey  placing   on    the  coil  different  nur- 
bers   of  the   plates   and  placing  the  test  plat"^     "^    .1  ,Tr,, ,...,.,  ♦■ 
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TABLE      XIV 


ITo-of        Test  plate  Test   plate  Two  plates 

pieces      on   outside  ^  next   to  out  outside   of 

of  of  bundle  ;"  side   plate  test   plato 

iron  Lower       Upper  var.  Iiower     Upper  Lower     Upper 

coil  coil       B  coil       coil  coil       coil 


2 

6.51 

6.03 

3 

4 

4.14 

3.82 

3 

6 

3.60 

3.48 

1.9 

3.60 

3.62 

8 

2.65 

2.55 

2 

2.71 

2.71 

10 

2.75         2.G5 


points   the  uniformity  of  B  was   testo'l- 

Table  xr/   shows   the   results   of  this   test.      Tt   appears 
ror.i   the   table   that  with  either  8   or   10  pieces   of   iron   B    is 
II    practically  uniform.      V/ith  fewer  piecen   the   induction  was 

reatest  next    the   coil,       md  when  more  were  used   the  ma^netia': 
v.is  not   as  great    in   the  central  pieces- 

Table  X^.'  shows  the  results  of  a  series  of  raeasure- 
■.entr,  and  in  Fir-  10  a  cuirve  is  plotted  showing  the  rela- 
tion  between   B   and  the   energy   loss  per  cycle. 
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Weight    of    iron    =   340   g.    Volume    =    43.3   cc  .     Area    sec;  i;  io:i  ^ .  981    r.q 

cm. 
C/ =  deflection   on   dynamoneter  by  current   c      it^^sane   for  sec- 
'^■•dary   current.  ^ 
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Ppom  the   above    it    ar':>eca-s   that   the   uethotl  dGscribod    is 
a  perfectly  good  method   for  the   neasiiren:e:-:t   of  electric    ab- 
sorption.     In   all   cases   tried   the   electric    absorption  has 

cted  as  a  resistance  ir.  series  v/ith  a  capacity  This  re- 
sistLince  is  independent  of  the  current.  The  temperature  has 
a  decided  effect.  The  value  of  this  absorption  increaser,- 
very  rapidly  with  rising  temperature.  The  theory  as  given 
Qbove  appears  to  be  verified  ly  the  results  in  as  far  as  a 
condenser  possessing   electric   absorption   may  be   considered 

■.-.    a   capacity   in    series  ;vith   a   resistance,    both  of  which  de- 
pend upon   the  period  of  the   current.      V/'hile   the  variation    is 
,  in   the  proper  direction    in   each   case,    its    rate  of  change  v;ith 
']  the  period  does  not   agree  with  the   theoretical    fornula,    espec- 
ially  in   the   case  of  the  wax  and  paper  condenser. 

It    also    appears   that    the  method  given    is   a  good  one 
I  for   the   determination  of  the   capacity  of  a  condenser     which 
i  shows   electric   absorption.      If  electric   absoirption    is  cor- 
"  rectec   for,    the   capacity  of  sucli  a  condenser   is   a  quantity 
ich  can    readily  be  determined,    and  may  bo  compared  with  a 
self   induction    standard    to   1   part    in   1,000.       It    also    appears 
that  no   correction    is  necessary  for  the   electrostatic   action 
of  the   turns  of  the   standard   coil  on  one   another,    at   least    if 
relative  size  of  coil  end  condenser  is  prop erjjfcijo sen. 


57 


and    if  the   resistmice  of  the   coil    is  not   too   lar^e   us   con- 
pared  with  the  total   resistance   in   the   brunches  of  the   cir- 
cuit • 

The  method  given   for  the  detection   of  short   circuitr 
in   coils   proves   to   be   an    exceedin/:Tly   sensitive  one. 

The  method  described   for  the  measurement  of  hyster- 
esis  and  Foucault   current   losses  gives  very  good   results. 
Its   chief  advantage   lies    in   the   fact   that   a  very   small   quan- 
tity of   the   iTiaterial    is  necessary.       Tn   the    experiment  only 
360    r'-''-  TJir  '.v"re  used.      I.!uch  less   thaii   this   aniount   could   be 
used  with  nearly   as  great   accuracy   as    in   the   case  given. 

For  the  value  of  the   resistance  H  could   be    increased 
by  decreasing  the  period  of  the   current  used. 

In   conclusion    J  wish   to   express  my   sincere   appreci- 
ation of  raich  assistance   received  from  Professors   Rowland 
and    Ames   during   three   j'ears   spent    in   study   at   the   Johns   Hop- 
kins University.        The    investigation  was   suggested  by  Pro- 
fessor Pvowland,    and   the  methods  used  were   those  devised   by 
him  and  describee    in   the   articles  noted   above. 


Johns   Hopkins   University,  Louis   'laxv/eli   Potts 

May  1,    1900. 
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